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S U E M A R P  

A d i f f e rence  i n  the  hea t ing  ra te  of t h e  e s a t e r n  and western 
l i m b s  of the Yoon was revealed during t h e  l u n a r  e c l i p s e  of  7 July 1963. 
One of t h e  probeble causes of ti.e observed e f f e c t  is t h e  d i f f e rence  of 
t eape ra tu re  g rad ien t s  o f  t he  su r face  l a y e r a  of  Koon's e a s t e r n  and western 
l i m b s  during f u l l  moon. On t h i s  assuniption, t h e  value of 7 f o r  t h e  
upper decimeter l a y e r  is estimated t o  be Y = ( k p c ) - ' / s * 6 0 0 + 9 0 0 .  
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The observat ions of I.;oon's therclal emission in t h e  8 - 1 4  mk 

reZion oi  t he  spectrum Cl1,conducted during t h e  eclipse of 7 July 1963, 

h-V? thorn t h a t  upon egres s  from shadow t h e  ?IoontE s u r f a c e  A6 heated a t  
a d i f f e r e n t  rate on t h e  eas t e rn  and western l i m b s ,  Scanning of the  Moon 
86s conducted unin ter rupted ly  fron west t o  ea8t along four plans ,  pae- 
s ine:  t'qrough t h e  Aris tarchus c r a t e r  ( l e t  v len) ,  Fare Crisiurn (2nd p l a n ) ,  
Mare Fumrum and Yare Necter i s  ( 3 r d  ~ l a n ) ,  Lonqonontanus ring formation 

and Ferne l iu s  c r a t e r  ( 4 t h  plan). 
The v a r i a t i o n  of the measared t h e r m a l  f l u x  from Moon a reas  of 

100 x 60 k m  dimension r i t h  the*increa&e of i l luminance c 1 ~  (0 being t h e  

area i l l uminmce ,  r e f e r r e d  t o  t h a t  of f u l l  moon), is brought ou t  i n  Fig. 1. 
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Froin the viewpoint of d e t a i l s  of Moon's re l ief ,  t hese  areas were s e l e c t e d  
at random. Three graphs correepond t o  area6 disposed a t  distance6 from 
t he  c e n t e r  of t h e  disk : r = 0.96 R )  0.93 R ,  0.45 Jt  . The s c a l e  of te;z?peratures 
computed by measured i n t e n s i t i e s ,  t a k i n g  i n t o  account the  atmosphere t r ans -  

parence, t e lescope ' s  and deviceb geometry and i n  t h e  assumption t h a t  t he  
su r face  of t h e  !-loon emits as a blackbody, is p l o t t e d  i n  ord ina tes .  

The d i f f e rence  between the  hea t ing  ra te  of t h e  western and e a s t e r n  
l imbs  i E  eeen w e l l  f o r  f r e a t  dietaRcee from d i s k ' s  cen te r  (r = 0,80-0,99~1)- 
Ifocrever, t h e  d i f f e rences  a re  f u l l y  concealed by po in t  s c a t t e r i n g  a l ready  
a t  d i s t ance  r = O,r)R> (nPinlv on account of i n t e r f e r e n c e s  from measuring 
de\ - ices) .  It is c lear .  t h a t  this di f fe rence  is l inked  with t h e  previous 
h i s t o r y  of the  a r e a s ,  s i t u a t e d  on tfie western and eas t e rn  limbs: t h e  western 

l i m b  of t h e  Xoon pa6 sunlit d u r i n g  about two reek6 p r i o r  t o  observa t ion ,  
w h i l e  t k e  terminator  passed through the  e a s t e r n  l i m b  only r ecen t ly .  The 
course of t h e  curves f o r  the eas t e rn  l imb reveals a c e r t a i n  lag in tempe- 
r a t u r e  r i s e  at i n i t i a l  s t a g e s  of  heating. Such lag  can be caused by t h e  f a c t  
t h a t  a t  the  e a s t e r n  l imb, theenergy, outgoing i n  the  depth of  t h e  surface 
because of conductance ,b  g r e a t e r  than at t h e  western limb, for in the  

f i r s t  case t h e  temperature grad ien ts  i n  the  s u p e r f i c i a l  l a y e r  of t h e  ground 

a re  g r e a t e r .  
General ly  speaking,  the  delayed temperature r i s e  at  continuous 

energy inpu t  f r o n t h e  Sun may be ah30 caused by phase t r a n s i t i o n  type pro- 
c e s s e ~  o r  by v a r i a t i o n s  of t he  s t a t e  of Noon's e u p e r f i c i d  l a y e r  substance 

(for example, tile s i n t e r i n g  or the agrlomeration of dust  p a r t i c l e s  under 
t h e  e f f e c t  of hea t ing ,  t h e  fusion of t h e  formation ouside o r  under t h e  

El ioer f ic ia l  l a y e r ,  e tc .  1. 
A t  present  we lack f h e  pOESibili ty of s e p a r a t i n g  these  two e f f e c t s ,  

But if t h e  thermal i n e r t i a  g i v e s  fi g r e s t  con t r ibu t ion ,  we may attempt t o  
determine t h e  parameter y : (!rc)-/v d i r e c t l y  from t he  de tec ted  r e t a r d a t i o n  

of t h e  hea t ing  e f f e c t ;  here  k is t he  conductance, is the  d e m i t y  and 

- c is the  s p e c i f i c  heat capac i ty .  S t r i c t l y  speaking, computations of  thermal 
regime m u s t  be conducted a t  s p e c i f i c  parameter of lunar s o i l .  Comparison 
of  t h e  r e t a r d a t i o n ,  ca l cu la t ed  from t he  s o l u t i o n  of t h e  hea t  conduct iv i ty  

equat ion  for var ious  I , w i t h  t h a t  measured experimental ly ,  provides  t h e  
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merns of determining 7 .  I n  the case when i t  should appear t h a t  t h e r e  ie 
gene ra l ly  no p O 6 6 i b i l i t ~  of obta in ing  a dependence, co inc id ing  w i t h  t h e  
experimental  one f o r  t h e  same parameter, t h e  assumption o f  main r o l e  of 
h e s t  conduct iv i ty  in t h e  e f fec t  de tec ted  w i l l  no t ,  apparent ly ,  correspond 
t o  r e a l i t y ,  The precise Computations are q u i t e  cumbersome; they r e q u i r e  

wi th  us. As a f imt  e t e p ,  r e  conducted only t h e  estimate of t h e  va lue  of 
t h e  parape ter  7 , u t i l i z i n g  the  values of temperature g rad ien t s  in t h e  eu- 
p e r f i c i a l  l a y e r ,  obtained from the computation and experimental  d a t a  by 
l e n g t h s  of pene t r a t ion  i n t o  the l una r  soil of t h e  radiatior! wi th  various 
wavelengths wi th in  the  radioband , 

i d e n t i c a l  ter:peratures f o r  t; e por t ions  of e a s t e r n  TE and western TW 
edFes (TE = Tw), which are ee t ab l i shed  f o r  var ious  fl luminancee pb;r and &. 
T h e  ho r i zon ta l  l i n e s  in F i g . 1  cross  t h e  hea t ing  curve8 of t h e  e a s t e r n  and 
Fec tern  l ir-bp a t  no in t s ,  the a b e c i s e a  of which correFpond t o  various va lues  

I 

I 

I the use of computers and t h a t  i s  why, 60 far, they f a i l e d  t o  materialize 

To c a r r y  out the  es t imate ,  i t  is p r a c t i c a l  t o  assign onese l f  

I of 6 .  
For t h e  p o i n t r  of i g t e r s e c t i o n  w e  nay write the  condi t ions  of 

ener y balznce as follows 

A cos OXI,@E = UTE' -t QE, 
A COB 0e@w = oTw4 4- qw, 

(1) 
(2) 

where A is a solar cons tan t ,  qx and q:: a re  t h e  f luxes  t i rough  t h e  6ur- 
faces of' t h e  e s s t e r n  ar-d western areas. 

F i r .  1 .- Dependence of the t h c r m l  flux and of temperature 
on t h e  r e l e t i v e  i l luminance cp i n  t he  penumbra a f t e r  t he  
nd of tbe  total FheEe 0:' e c l i w e  f o r  var ious  d i s t snces  

from the center  of the  d i sk .  



4. 

The value of t o *  e,, has the following sense.  For a smooth fIoon 
the  i l luminance of t h e  area s i t u z t e d  st d i sk ' s  limb is equal  t o  A C O S ~ ,  

w3ere 8 is t he  angle between the  normal t o  t h a t  su r f ace  and t h e  d i r e c t i o n  

of  s o l a r  ray incidence,  However, ti:e roughness of the Moon*s su r face  leads 

t o  the  depecdence of therl=al en i r s ion  i n t e n s i t y  on t h e  angle 8 not  be ing  

eub jec t  t o  t;:e l a w  of  t h e  cosine.  Accordina t o  our measurements, t h i s  de- 

m 82 p3 ai 111 06 07 09 tnr /~ ,  
1 ~ 1 * * ~ " ' ~  

Fiq.  2, - W s t r i b u t i o n  of thermal  
a long the  i1oon's disk at f u l l  moon. 

pendence has  the  form shown i n  F ia .  2. 
The Treat i n t e n s i t y -  of thermal rad ia-  

t i o n  bv d isk l ,c  l i m b s ,  compared t o  

COE 8 is l i nked  with t h e  roughness, 
and, conseouently with t h e  i n c r e a s e  

of i l l umina t ion  on account of t h e  

presence of s u r f a c e  elements v i t h  a 

s r a l l e r  angle 8 ,  t h a t  is, somehow 
w i t h  an inc rease  of  co68.  That is 

why 
cos O*@ = cos 0 I ,  e 1 Ir& 

where 
I ( e )  is  t h e  f lxx  f r o x  t h e  r e a l  :-loon nn2 T, d is t!ie flux from a smooth Woon. 

?? 
Sub t rac t inz  from ( 1 )  (21, ?re sba1-1 ob ta in  

U t i l i z i n g  t h e  w e l l  Xnovn co r re l e t ion  of t k e  gene t r a t ion  5.epth of 
t?e tkermel m v e  L. (2/c/pc0)%, rhe re  k. i y  t h e  hea t  conduct iv i ty ,  

c is the he - t  cagnci ty ,  i r  t::e denei ty  and o t:ie anrrular r o t a t i o n  f re -  
cuencv o l  t h e  Goon, a2d a l e 0  t:;e co r re l a t ion  betseen the  depths of pene- 

t m t i o n  of tiierwa.1 end e lec t rozagnet ic  veves b = 2 h l ~ ,  obtained i n  c21, 
ve =hall obta in  

. .  

Q .= 2 (kpc) '12 - (20) "4T / 6%. 

S u b s t i t u t i n g  t h i s  expres,cion i n  ( 3 ) ,  me s h a l l  have 



The e s t i n r t e s  of temperature gradientis on the  e a s t e r n  and western 

l iabs:  clere r e a l i z e d  a~ follows. I n  l i g .  3 we p l o t t e d  by s o l i d  l i n e  the  

dependence of ti:e measured rad io texyera ture  T on wavelength f o r  t h e  p o i n t s  
d i e t a n t  by r=-=tl .QAR) fron tke  center  t o  t h e  eps t e rn  and western s i d e 6  of 
I'loon'r d i P k  a t  f > l l n o o n .  The dependence w a s  p lo t t ed  according t o  d a t a  of  c21. 
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Y i < ; .  5 .  - dependence of t h e  te:::pcrcltrrre 
on nevelength f o r  the e a s t e r n  ma western 
lir!bs o i  t t :e l u n a r  ciisk i n  time of f u l l  t i o n  of  a t  t i n e  of the  

Fig. 4. - l'wimum teriperature 
drop ( i n  percent ,  as a func- 

m o o n  t o t a l  phase of ec l ip se .  

It is well known t h a t  any ccomewhat no t iceeble  temperature v a r i a t i o n  
du r ing  e c l i p e e  i F  observed for h C @.4 cm. P l o t t e d  i n  Yip.. 4 is the  depend- 

ence of  mean radiotel-yerature droo e l o ~ ? , ~  t k e  d i s k  i n  percent  dur ing  t h e  

t o t 7 1  phcFe of eclig,ce f o r  aer iou-  1 C31. The devendence of t h e  temperature 
on o7pvelenr;ti- durin- ttte t o t e 1  yhase (Fip. ?* dashes)  waE obtained from t e m -  
n e x t l i r e  d i f i t r ibu t ion  a t  f u l l  r?.oon, takin.: i n t o  account t h e  curve of Fig.  4. 
J.t t h e  end of tile t o t 2 1  phese of t h e  e c l i p s e  the  s u r f a c e ,  found t o  be i n  t h e  

penuinbra, be--in,c t o  be sub jec t  t o  hea t ing  unaer t he  ac t ion  of t h e  rising 
s o l s r  f l ux .  Since the dependence of temperature on wavelength is  ava i l ab le  

o n l y  fo r  the  t o t a l  phase of e c l i p s e  (Fig. 51, i ts  is  d e s i r a b l e  t o  make use 
of' those  exper inenta l  po in t s  of the curve6 i n  Cig. 1. which correspond t o  

lowes t  temperatures.  :'re u t i l i z e d  f o r  t h e  e s t i E a t e  the  poin ts  correeponding 
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t o  s u r f a c e  temperature To = 240°R. The value of dT / a h  is determined from 
Fig. 3, as ( r 0 - T ~ )  / A ,  where T, is taken by dashed curves f o r  t h e  east- 
e r n  and western limb of t h e  Moon. From Fir. 3,  w e  may obta in  t h a t  

has 8 maximum, ecual t o  300 deg/mm f o r  rl.5mm. This Value is u t i l i z e d  
for t3e es t imate .  Teking A = 1.99 cal/cm min, 10 = 2.51 .1Oo6sec'l,  

@w - @E = 0.12 

for 0:93 I f 2  d v e s  (kpc)-'h = 900. 
( frop F i r .  1 ) , r;e obta in  (kpc)-'h = 600. An analogous procedure 

Therefore ,  t h e  va lues  of y ,ob ta ined  as a resul t  of  rough estimate, 
are c lose  t o  the va lues ,  determined by radioastronomical ,  as w e l l  as by 
optical methods c21 . This  allows us t o  assume, t h a t  in t h e  observed dif-  

fe rences  i n  the  hea t ing  rate of the e a s t e r n  and western l i m b s ,  a s i g n i f i c a n t  
r o l e  is  played by t he  hea t  conduct ivi ty  of l u n a r  soil. 
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